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(57) ABSTRACT

Certain embodiments relate to systems and methods for gen-
erating a single group image from multiple captured images.
A first image and a second image may be captured, the first
image including a first part of a group and the second image
including a second part of the group. A user interface may be
provided, in some embodiments, for capture of the second
image that enables a photographer to provide input regarding
the relative positioning of the first and second image as well
as providing input on the relative positioning of the first and
second parts of the group and the image scene background. In
some embodiments, a lowest energy seam line may be deter-
mined for an overlapping portion of the first and second
images, and the lowest energy seam line may be used for
generating a final stitched image including both the first and
second parts of the group.
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1
INTERACTIVE IMAGE COMPOSITION

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit under 35 U.S.C.
§119(e) of U.S. Provisional Patent Application No. 61/874,
950, filed on Sep. 6, 2013, entitled “INTERACTIVE IMAGE
COMPOSITION,” the entire contents of which is hereby
incorporated by reference herein in its entirety and for all
purposes.

TECHNICAL FIELD

The systems and methods disclosed herein relate generally
to image stitching, and more particularly, to generating a
single group image from multiple captured images.

BACKGROUND

Digital imaging capabilities have been integrated into a
wide range of devices, including digital cameras, tablet com-
puters, and mobile phones. Digital imaging devices and
image capture systems can refer to any type of device that can
capture one or more digital images, including devices that
capture still images or videos.

The integration of digital processing technology with
imaging devices has enabled more powerful and easier to use
photographic products, and has enabled compact devices to
capture and enhance image data. For example, digital imag-
ing devices may employ image stitching, which is the process
of combining multiple photographic images with overlapping
fields of view to produce a segmented panorama or high-
resolution image. Commonly performed through the use of
computer software, most approaches to image stitching align
the edges of two or more images, determine overlapping
regions of the edges, and combine the images based on the
overlapping regions, for example into a panorama. Some
digital imaging devices can stitch their photos internally,
while some image stitching techniques are performed on a
separate computing device.

As another example, digital imaging devices may employ
image blending, which is the process of integrating an object
or portion of a first image into a scene of a second image. This
type of operation is useful for correcting, repairing or modi-
fying digital images as well as for creating photo-montages.
Image blending typically requires selection of the object or
portion from the first image by a user, which can be a time
consuming process requiring familiarity with a variety of
tools in conventional image editing software. Consequen-
tially, several problems arise including the fact that seams are
typically introduced between the edited region and the rest of
the original image.

One common use of an image capture device such as a
digital camera is capturing an image of a group of people.
However, the photographer is often part of the group and
therefore the group and photographer may desire that the
photographer be included in the image. One solution to this is
to ask another person, not in the group, to take the image.
However, there are not always other people available to act as
photographer. Another solution to the problem of including
the photographer in the group image is to use the camera’s
self-timer feature to capture the image, giving the photogra-
pher time to join the group after setting up the shot. However,
use of the self-timer generally requires balancing the camera
on a nearby object. There is not always such an object readily
available, and use of an available nearby object often results
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in less-than-ideal framing and/or focus of the group image.
Manually blending the photographer, as imaged in a separate
photo, into the group photo is a time-intensive digital editing
process requiring skill and familiarity with specialized soft-
ware.

SUMMARY

Accordingly, it can be desirable to provide image capture
systems which allow for dynamic image stitching to form a
group image, and which provide a quick and effective tool to
simplify the actions needed by the user. An embodiment of
the systems and methods discussed herein can provide a user
interface, for example in a viewfinder of an image capture
device or another display associated with the image capture
device, which enables a first photographer to capture a first
image of a first part of a group, and then enables a second
photographer to see a translucent overlay of the first image
while capturing a second image of a second part of the group
which can include the first photographer or vice versa. The
user interface may also allow a user to adjust relative posi-
tioning of the first image and the second image. The relative
positioning can be used to align the first and second images
for image stitching. The user interface can also allow the user
to identity a seam line area, which may be used for stitching
aportion of the first image with a portion of the second image.

In another embodiment, an image capture system can auto-
matically determine a seam line for an overlapping area of the
first and second images, and the seam line can be used to stitch
the first and second images together. The seam line can be a
boundary between a region of the first image that s stitched to
a region of the second image.

In one embodiment, the lowest energy path for a seam line
may be determined by subtracting the gradient values of each
pixel of the first image in the overlapping region from the
gradient values of the corresponding pixel in the second
image, or vice versa. In other embodiments, luminance or
chrominance values of the pixels may be used instead of or in
addition to gradient values. In embodiments stitching
together two grayscale images, one or both of luma and
gradient values may be used. In embodiments stitching
together two RGB images, some or all of luminance, chromi-
nance, and gradient values may be used.

One aspect relates to a method, implemented by one or
more computing devices configured with specific executable
instructions, of capturing a first image of a first part of the
group; generating a live preview on a display of the electronic
device of a second image, the second image comprising a
second part of the group; superimposing at least a portion of
the first image onto the live preview of the second image;
capturing the second image of the second part of the group
using the user input; receiving user input regarding relative
positioning of the first image and one of the live preview of the
second image and the second image; and stitching the first
image and the second image into a final stitched image based
at least in part on the user input, the final image comprising
the first part of the group and the second part of the group.

Another aspect relates to an image capture device compris-
ing an image sensor configured to capture a first image of a
first part of a group of individuals and a second image of a
second part of the group; a display configured to display a live
preview of the second image, the display further configured to
display at least a portion of the first image superimposed over
the live preview of the second image; a user input module
configured to receive user input regarding relative positioning
of the live preview of the second image and the at least a
portion of the first image; and an image stitching module
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configured to stitch the first image and second image into a
final image based at least in part on the user input, the final
image comprising the first part of the group and the second
part of the group

Another aspect relates to a method of determining a low
energy seam line, as implemented by one or more computing
devices configured with specific executable instructions,
comprising receiving image data comprising a first image and
asecond image; determining an overlapping region of the first
image and the second image, the overlapping region compris-
ing a plurality of pixels; selecting a starting pixel, the starting
pixel adjacent to a plurality of adjacent pixels; computing a
difference value for each of the plurality of adjacent pixels;
selecting one of the plurality of adjacent pixels as a current
seam line pixel; and constructing seam line pixel location data
comprising first location data of the starting pixel and second
location data of the current seam line pixel.

Another aspect relates to a seam line generation system
comprising an overlap determination module configured to
determine an overlapping region of a first image and a second
image; a seam generator configured to generate a low energy
seam line within the overlapping region, the low energy seam
line representing a boundary for stitching the first image to the
second image; and a seam energy calculator configured to
calculate a total energy level of the seam line.

BRIEF DESCRIPTION OF THE DRAWINGS

Specific implementations of the invention will now be
described with reference to the following drawings, which are
provided by way of example, and not limitation.

FIGS. 1A-1C illustrate various user interface displays
illustrating a process of generating a combined group image;

FIGS. 2A-2C illustrate a pair of images in various over-
lapped arrangements with seam lines displayed within over-
lapped areas;

FIG. 3 illustrates a schematic block diagram of an example
system for capturing and generating a group or stitched
image;

FIG. 4 is a schematic block diagram illustrating an embodi-
ment of a user interface control module;

FIG. 5 is a schematic block diagram illustrating an embodi-
ment of a stitched image generation module;

FIG. 6 is a schematic flow diagram illustrating an example
process for user-guided image stitching;

FIG. 7 is a schematic flow diagram illustrating an example
process for determining a seam line for stitching two images
together; and

FIG. 8 is a schematic flow diagram illustrating an example
seam line pixel selection process.

DETAILED DESCRIPTION

Introduction

The image capture and stitching techniques described
herein can capture and stitch two or more images, each con-
taining a portion of a group and substantially similar back-
grounds. Some embodiments can implement a user interface
designed to receive user input at various stages of the process,
for example at image alignment and at locating a seam line
defining a boundary for stitching the images together. Some
embodiments can implement an automated process for align-
ing the images and generating a seam line having a low energy
level, indicating that the seam line is likely to produce a
visually pleasing stitched image result. Still other embodi-
ments can combine user input and automatic image alignment
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4

to recommend capture and stitching features to the user while
allowing the user to modify the recommended features, if
desired.

An embodiment of the systems and methods discussed
herein can provide a user interface, for example in a view-
finder of an image capture device or another display associ-
ated with the image capture device, which enables a photog-
rapher to capture a first image of a first part of a group, and
then see a translucent overlay of the first image while captur-
ing a second image of a second part of the group. In one
embodiment, the second image is captured to include addi-
tional people that were not part of the first group captured in
the first image. Other embodiments may present a translucent
overlay of a preview image of the second image over an
opaque first image in the viewfinder. In some embodiments, a
user can control translucency parameters, for example by
selecting which of the first and second image will be dis-
played with translucency and selecting an opacity level for
the selected image.

The user interface may also allow a user, for example the
second photographer, to adjust relative positioning of the first
image and the second image. In some embodiments, the
translucent overlay of the first image may be realigned with a
viewfinder preview image of the second image during capture
of the second image. In an implementation of the image
capture device having a touch sensitive screen, for example,
the user can use a finger drag or swipe gesture to reposition
the translucent image relative to the opaque image, can use a
two-finger pinch to zoom in or out of the translucent image or
opaque image, and can use a rotation drag gesture to align a
horizon of the translucent image and a horizon of the opaque
image. Buttons or voice controls can be used in other imple-
mentations to align the first and second images. The relative
positioning can be used to align the first and second images
for image stitching. The user interface can also allow the user
to identity a seam line area, which may be used for stitching
aportion of the first image with a portion of the second image.

Some embodiments can automatically align and stitch the
images, and can automatically determine a seam line as the
boundary for stitching the images. Seam lines may be deter-
mined for an overlapping portion of the first image and the
second image. Some embodiments may automatically align
the first and second images to determine overlap, while some
embodiments may determine overlap based at least partly in
on user alignment of the images. The lowest-energy path
determination process may then search the overlapping
region for alowest energy path, and may use that path to stitch
the images or image foregrounds together.

A low or lowest energy seam line can be determined by
selecting a starting pixel in the overlapping area and identi-
fying a value of the starting pixel, such as luminance, chromi-
nance, depth, or another pixel value. The value can be deter-
mined for the pixels adjacent to the starting pixel, and a
difference value can be computed for each of the plurality of
adjacent pixels representing the difference between the adja-
cent pixel’s value and the starting pixel’s value. One of the
adjacent pixels can be set as a current seam line pixel, for
example the adjacent pixel having the lowest difference
value. Difference values may then be calculated for pixels
adjacent to the current seam line pixel and a next current seam
line pixel can be selected until an edge of the overlapping area
is reached. Coordinates or locations of the starting pixel and
other seam line pixels can be stored to construct seam line
pixel location data, which can be used to stitch the images
together.

In some embodiments, multiple seam lines can be gener-
ated, for example from an energy map of the pixels in the
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overlapping region. The energy map can be generated from
gradient magnitude in some embodiments. Selecting one of
the multiple seam lines to use for image stitching can involve
examining the accumulated energy cost, e.g. least accumu-
lated gradient difference, of each seam line. Ifthere are two or
more seam lines having the same lowest accumulated energy
cost, one may be selected over the other for image stitching,
in some embodiments based on the length of the seam line,
i.e. a seam line which moves directly downwards can be
preferred to a seam line which moves in a diagonal direction.
In other embodiments, a seam line pixel having the maximum
difference can be determined for each seam line, and the seam
line having the lowest maximum difference value can be
selected. In further embodiments, multiple possible unique
stitching results can be generated by using the seam lines and
can be presented to the user, and the user can choose from the
stitched image options.

The lowest-energy path determination process may begin
at a starting pixel, which may be the left-most pixel in the top
row of the overlapping region in some embodiments, but
could be any other pixel within the overlapping region in
other embodiments. The lowest-energy path determination
process may then compute a difference value between the
pixel values from the first image and the second image for
each of the pixels adjacent to the starting pixel. The pixel
having the lowest difference value may be set as a current
seam line pixel, and the seam line may be drawn in the
direction of the current seam line pixel. In some embodi-
ments, location information of the current seam line pixel
may be stored in a memory containing seam line pixel loca-
tion data. The seam line pixel location data may be used to
construct the seam line during image stitching.

In some embodiments, if no adjacent pixel has a difference
value below a threshold, the lowest-energy path determina-
tion process may set a different pixel as the starting pixel and
may compute difference values for the pixels adjacent to the
new starting pixel. If no pixel in the overlapping region is
determined to have a difference value below the threshold,
then the lowest-energy path determination process may indi-
cate to the user that the first image and second image do not
contain sufficient similarities, and the user may be presented
with a selectable option to adjust the threshold or to capture
new images for stitching.

After determining a current seam line pixel, the lowest-
energy path determination process may compute a difference
value between the pixel values from the first image and the
second image for each of the pixels adjacent to the current
seam line pixel. If no adjacent pixel has a difference value
below a threshold, then the process may begin again with a
new starting pixel. If at least one adjacent pixel has a differ-
ence value below the threshold, then the current seam line
pixel may updated to be the adjacent pixel having the lowest
difference value, and the seam line pixel location data may be
updated to include the location information of the updated
current seam line pixel. In some embodiments, the seam line
pixel location data may be used for comparison of a current
seam line pixel location with previous seam line pixel loca-
tions. If the current seam line pixel location data matches any
entry within the previous seam line pixel location data, then
the seam line has crossed back to itself and the process may
become stuck in an infinite loop if allowed to continue.
Accordingly, if the current seam line pixel location data
matches any entry within the previous seam line pixel loca-
tion data, then the process may select a new starting pixel and
begin again.

The lowest-energy path determination process may con-
tinue to compute a difference value between the pixel values
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from the first image and the second image for each of the
pixels adjacent to the current seam line pixel, so long as at
least one difference value for an adjacent pixel falls below a
threshold and as long as the current seam line pixel location
data does not match any entry within the previous seam line
pixel location data, until the process reaches a pixel in a final
row of the overlapping region. When the process determines
that the starting pixel of the seam line is in the starting row and
the final pixel of the seam line is in the final row, the process
may store the completed seam line, or may output the com-
pleted seam line for presentation to a user or for image stitch-
ing. In embodiments which begin drawing the seam line with
a starting pixel in the top row, the final row may be the bottom
row. In some embodiments, if the seam line terminates on an
edge row, the process may present the seam line to the user
with an indication that the seam line may provide for an
incomplete final stitched image, or may begin again with a
new starting pixel.

In some embodiments, a total energy level of a completed
seam line may be calculated, for example by summing the
difference values of each seam line pixel. The total energy
level of the seam line may be compared to a threshold before
use in image stitching or before presentation to a user. As
discussed below, the total energy of the completed seam line
may be used to generate an indication to the user of a likely
quality of a final stitched image. In some embodiments a
plurality of low energy seam line options may be presented to
the user instead of a single lowest energy seam line, the low
energy seam line options each having a total energy level
below a threshold.

As mentioned, some embodiments can combine user input
and automatic determination of image stitching factors. In an
embodiment, the user-guided group image capture interface
can allow the user to view, modify, or input one or more of
image alignment and seam line locations. If multiple seam
lines have been generated, the user can have the option to
select which of the seam lines to use to stitch the images
together. In some embodiments, an appearance of the seam
line can change to indicate a total energy of the seam line to
the user, for example by displaying seam lines in a color
spectrum based on energy level. To illustrate, green seam
lines can represent low energy seam lines, yellow can repre-
sent midlevel energy seam lines, and red seam lines can
represent high energy seam lines in an embodiment. The
system can change the appearance of seam lines generated
automatically or input by the user to provide an indication of
the seam line energy.

If the user modifies the spatial relationship between the
first and second image, for example by repositioning one of
the images relative to the other, updated seam lines can be
automatically generated and/or displayed in some embodi-
ments. A preview of the final stitched image generated from
the first and second images using the current positioning
and/or selected seam line can be output to the user for use in
deciding whether to proceed with image stitching using the
current image positioning and the currently selected seam
line for stitching.

Implementations disclosed herein provide systems, meth-
ods and apparatus for generating a combined group image
from multiple images containing subsets of the group. One
skilled in the art will recognize that these embodiments may
be implemented in hardware, software, firmware, or any com-
bination thereof.

In the following description, specific details are given to
provide a thorough understanding of the examples. However,
it will be understood by one of ordinary skill in the art that the
examples may be practiced without these specific details. For
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example, electrical components/devices may be shown in
block diagrams in order not to obscure the examples in unnec-
essary detail. In other instances, such components, other
structures and techniques may be shown in detail to further
explain the examples.

It is also noted that the examples may be described as a
process, which is depicted as a flowchart, a flow diagram, a
finite state diagram, a structure diagram, or a block diagram.
Although a flowchart may describe the operations as a
sequential process, many of the operations can be performed
in parallel, or concurrently, and the process can be repeated.
In addition, the order of the operations may be re-arranged. A
process is terminated when its operations are completed. A
process may correspond to a method, a function, a procedure,
a subroutine, a subprogram, etc. When a process corresponds
to a software function, its termination corresponds to a return
of the function to the calling function or the main function.

Those of skill in the art will understand that information
and signals may be represented using any of a variety of
different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols,
and chips that may be referenced throughout the above
description may be represented by voltages, currents, elec-
tromagnetic waves, magnetic fields or particles, optical fields
or particles, or any combination thereof.

Overview of Example User Interfaces

FIGS.1A-1Cillustrate various user interface displays of an
image capture device 100 showing several example steps in
one possible process for generating a group image from a first
image including a first subset of the group and a second image
including a second subset of the group. The user interfaces
may be presented on a display, such as a viewfinder display, of
the image capture device, or on another display associated
with the image capture device.

For example, in various implementations and as shown in
FIG. 1A, afirstimage 125 may be captured of a first part of the
group 115, and a space 120 in the first image 125 may be
reserved for the first photographer 105. The first image 125
may include a first background 110 and a first foreground, the
first foreground including the first part of the group 115 and
possibly other foreground objects. In some embodiments the
image capture device 100 may determine first pixel areas
including the foreground and second pixel areas including the
background, for example by analyzing depth map data asso-
ciated with the pixels of the first and second images, or by
recognition of objects, such as faces or sky, which are com-
monly associated with one of image foreground or back-
ground regions. In other embodiments the image capture
device 100 may perform the image stitching methods
described herein without determining the foreground and
background.

As illustrated in FIG. 1B, after capturing the first image
125, the first photographer 105 may then move into the space
120 which was reserved for him and a second photographer
(illustrated by the hand 135) may assume control of the image
capture device. The image capture device 100 may then ini-
tiate a superimposed live view to guide capture of a second
image 130. In the superimposed live view, as illustrated in
FIG. 1B, a live preview of the second image 130 may be
presented on the image capture device 100. At least a portion
of the first image 125 may be superimposed over the live
preview. In other embodiments, the live preview may be
superimposed over the firstimage 125. One or both of the first
image 125 and the live preview of the second image 130 may
be assigned a certain level of transparency so that both the first
image and the live preview are at least partially visible. A user
of the image capture device may choose which of the first
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image and the live preview is the top layer, in some imple-
mentations, and can set the opacity of each layer. The second
photographer may adjust the position, layout, and/or size of
the displayed portion of the first image 125 relative to the live
preview. The second photographer may also use the superim-
posed live view to guide the positioning of the first photog-
rapher 105 to be within the reserved space 120 in the second
image 130.

The second image 130 may include a background 110 and
a second foreground, the second foreground including the
first photographer 105. The background of the second image
may be substantially the same as the first background 110. In
some embodiments the first and second images may be taken
from similar viewpoints within a threshold period of time so
that the first and second backgrounds will be substantially
similar. The image capture device 100 may be configured to
provide the second photographer with an indication of the
framing of the first image background. The image capture
device 100 may also provide the second photographer with
other indications regarding a level of similarity of other
attributes of the first and second images, for example lighting
and location of background objects. In some embodiments
the image capture device may compare pixel values of at least
some of the pixels of the first image with pixel values of at
least some of the pixels of the second image in order to
determine the level of similarity of attributes of the first and
second images. The pixels values may be, for example, lumi-
nance, chrominance, gradient values, or depth values.

As illustrated in FIG. 1C, after capturing the second image
130, the image capture device 100 may compose a final image
135 with substantially seamless stitching or blending by fus-
ing, stitching, or otherwise merging the first image 125 and
second image 130 together. The foreground of the first image
and the foreground of the second image may be stitched
together over the shared background 110. The final 135 image
thus contains the entire group, including the first photogra-
pher. A user of the camera may exercise some control over the
way in which the final image is generated, for example by
moving the first and second image relative to each other, by
outlining important components in the image scene, or by
defining a boundary where the first and second images are to
be stitched together.

FIGS. 2A-2C illustrate a pair of images 200, 205 in various
overlapped arrangements. The overlap areas are displayed
with a seam line or lines. The seam lines represent the bound-
ary where a portion of the first image can be stitched to a
portion of the second image. In some embodiments, seam
lines may be used to determine a boundary between the first
foreground and the second foreground stitched together over
a shared background. In some embodiments, seam lines may
be determined automatically by the image capture device or
another computing device through lowest-energy path deter-
mination processes, as will be discussed in more detail below.
The lowest-energy path determination process may be a sub-
process of the image stitching process described above, or
may be used in any image stitching, image blending, or other
image combination application. Seam lines may be provided
by a user in some embodiments, for example by the user
drawing a line indicating a boundary of one or both of the first
and second foregrounds, such as with a finger or stylus on a
touch-sensitive display. Some embodiments may use lowest-
energy path determination techniques to refine a user input
seam line.

As illustrated in FIGS. 2A and 2B, a user may align the first
image 200 and the second image 205 manually, and may input
or be presented with one or more seam lines 225, 230 dis-
played over the overlapping portion. In some embodiments, a
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lowest-energy path determination process may be configured
to provide a seam line or lines. In other embodiments, a user
can input a seam line. In certain embodiments a combination
of user input and an automatic process can be used to deter-
mine a seam line. The user may also be presented with a
preview 210, 215 of how the first and second images 200, 205
would appear if stitched using the displayed seam line and
selected overlapping region. As illustrated by the preview
images 210, 215, the overlapping regions of FIGS. 2A and 2B
do not generate optimal stitched images, as there are back-
ground elements duplicated in the stitched images 210, 215.

In some embodiments, the visual appearance of the seam
line or lines can provide an indication of a level of energy of
the seam line or lines, for example by changing the color of a
seam line shown on the display in response to a determination
of'the level of energy of the seam line. In some embodiments,
ared seam line may indicate a high level of energy, which may
result in portions of objects in one or both of the first and
second foreground being cut off in the final stitched image.
Yellow seam lines can indicate a moderate amount of energy,
which may result in duplicate background objects being
present in the final stitched image, as displayed on the right.
Green seam lines, or a green region of the overlapping portion
encompassing a plurality of possible seam lines, can indicate
a low amount of energy. Other visual indications can be used
in other embodiments, and in some embodiments the total
seam line energy or another indication separate from the seam
line can be displayed to the user for assessment of the seam
line energy.

As illustrated in the overlapped first and second images
200, 205 of FI1G. 2C, using a seam line within a region 235 of
low energy seam lines to cut or crop the first image 200 and
the second image 205, or to cut or crop the foreground of the
first image and the foreground of the second image to stitch
over a shared background, may result in a substantially seam-
less final stitched image 220 containing all members of the
photographed group, and containing no recognizable
repeated background objects.

System Overview

FIG. 3 illustrates a high-level block diagram of an example
system 300 for capturing and generating a group or stitched
image, the system 300 having a set of components including
a processor 320 linked to an imaging sensor 315. A working
memory 305, storage 310, electronic display 325, and
memory 330 are also in communication with the processor
320.

System 300 may be a device such as cell phone, digital
camera, tablet computer, personal digital assistant, or the like.
System 300 may also be a more stationary device such as a
desktop personal computer, video conferencing station, or the
like that uses an internal or external camera for capturing
images. System 300 can also be a combination of an image
capture device and a separate processing device receiving
image data from the image capture device. A plurality of
applications may be available to the user on system 300.
These applications may include traditional photographic
applications, panoramic still images and video, and image
stitching applications.

The image capture system 300 includes the image sensor
315 for capturing images. The image sensor 315 can be, for
example, a charge-coupled device (CCD), a complementary
metal-oxide semiconductor (CMOS) sensor, or the like. The
image sensor 315 may be coupled to the processor 320 to
transmit a captured image to the image processor 320. The
image processor 320 may be configured to perform various

20

30

40

45

60

10

operations on a received captured image in order to output a
high quality stitched image, as will be described in more
detail below.

Processor 320 may be a general purpose processing unit or
a processor specially designed for imaging applications. As
shown, the processor 320 is connected to a memory 330 and
a working memory 305. In the illustrated embodiment, the
memory 330 stores an imaging sensor control module 335,
user interface control module 340, stitched image generation
module 345, capture control module 350, and operating sys-
tem 355. These modules include instructions that configure
the processor to perform various image processing and device
management tasks. Working memory 305 may be used by
processor 320 to store a working set of processor instructions
contained in the modules of memory 330. Alternatively,
working memory 305 may also be used by processor 320 to
store dynamic data created during the operation of device
300.

As mentioned above, the processor 320 is configured by
several modules stored in the memory 330. The imaging
sensor control module 335 includes instructions that config-
ure the processor 320 to adjust the focus position of imaging
sensor 315. The imaging sensor control module 335 also
includes instructions that configure the processor 320 to cap-
ture images with the imaging sensor 315. Therefore, proces-
sor 320, along with image capture control module 335, imag-
ing sensor 315, and working memory 305 represent one
means for capturing an image or set of images to be stitched.

The user interface control module 340 includes instruc-
tions that configure the processor 320 to output various user
interface elements on the display 325 to guide a user or users
in capturing and stitching a set of images. As described above
with respect to FIGS. 1A-2C, the user interface elements can
include a first image and second image displayed with trans-
parency, a marked location in the first image to reserve space
for a photographer of the first image, a seam line or lines, and
a preview image. The user interface control module 340 also
includes instructions that configure the process 320 to receive
user input, for example relative positioning of images to be
stitched and seam line input and selection, and to stitch the set
of' images based at least partly on the user input.

The stitched image generation module may include
instructions that configure the processor 320 to stitch a set of
images together into a final stitched image. In some embodi-
ments, the instructions may cause the processor to identify a
foreground of each of the set of images and to identify a
shared background of the set of images. The stitched image
generation module can align the set of images and determine
an overlapping portion. The stitched image generation mod-
ule can also include instructions that configure the processor
320 to identify a “low energy” seam line in the overlapping
portion and to stitch portions of each image in the set of
images together based on the low energy seam line.

Capture control module 350 may include instructions that
control the overall image capture functions ofthe system 300.
For example, in an embodiment the capture control module
350 may include instructions that call subroutines to config-
ure the processor 320 to capture first image data of a target
image scene using the imaging sensor 315. Capture control
module 350 may then call the user interface control module
340 to guide the user in capturing second image data of the
target image scene using the imaging sensor 315. Capture
control module 350 may also call the stitched image genera-
tion module 345 to automatically align first and second
images of the target image scene, determine a low energy
seam line for an overlapping area of the aligned images, and
to stitch the first and second images based on the alignment
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and seam line. Capture control module 260 can also alternate
between calling the user interface control module 340 and the
stitched image generation module 345 to supplement image
stitching based on user input with automatic alignment and
seam line determinations and vice versa.

Operating system module 355 configures the processor
320 to manage the memory and processing resources of the
system 300. For example, operating system module 355 may
include device drivers to manage hardware resources such as
the electronic display 325, storage 310, or imaging sensor
315. Therefore, in some embodiments, instructions contained
in the image processing modules discussed above may not
interact with these hardware resources directly, but instead
interact through standard subroutines or APIs located in oper-
ating system component 355. Instructions within operating
system 355 may then interact directly with these hardware
components.

The processor 320 may be further configured to control the
display 325 to display the captured image to a user. The
display 325 may be external to an imaging device including
the image sensor 315 or may be part of the imaging device.
The display 325 may also be configured to provide a view
finder for a user prior to capturing an image, or may be
configured to display a captured image stored in memory or
recently captured by the user. The display 325 may comprise
an LCD or LED screen, and may implement touch sensitive
technologies. The user interface generated by the user inter-
face control module 340 may be implemented in whole or in
part on the display 325. For example, where the display 325
comprises touch sensitive technology, the user interface may
be implemented entirely on the display 325. In certain
embodiments where touch technology is not used for the
display 325, the user interface may include the displayed
elements as well as user input means such as buttons or a
wheel.

Processor 320 may write data to storage module 310, for
example data representing captured images, image align-
ment, and seam line location and energy data. While storage
module 310 is represented graphically as a traditional disk
device, those with skill in the art would understand that the
storage module 310 may be configured as any storage media
device. For example, the storage module 310 may include a
disk drive, such as a floppy disk drive, hard disk drive, optical
disk drive or magneto-optical disk drive, or a solid state
memory such as a FLASH memory, RAM, ROM, and/or
EEPROM. The storage module 310 can also include multiple
memory units, and any one of the memory units may be
configured to be within the image capture device 300, or may
be external to the image capture system 300. For example, the
storage module 310 may include a ROM memory containing
system program instructions stored within the image capture
system 300. The storage module 310 may also include
memory cards or high speed memories configured to store
captured images which may be removable from the camera.

Although FIG. 3 depicts a system comprising separate
components to include a processor, imaging sensor, and
memory, one skilled in the art would recognize that these
separate components may be combined in a variety of ways to
achieve particular design objectives. For example, in an alter-
native embodiment, the memory components may be com-
bined with processor components to save cost and improve
performance.

Additionally, although FIG. 3 illustrates two memory com-
ponents-memory component 330 comprising several mod-
ules and a separate memory 305 comprising a working
memory—one with skill in the art would recognize several
embodiments utilizing different memory architectures. For
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example, a design may utilize ROM or static RAM memory
for the storage of processor instructions implementing the
modules contained in memory 330. Alternatively, processor
instructions may be read at system startup from a disk storage
device that is integrated into system 300 or connected via an
external device port. The processor instructions may then be
loaded into RAM to facilitate execution by the processor. For
example, working memory 305 may be a RAM memory, with
instructions loaded into working memory 305 before execu-
tion by the processor 320.

User Interface Control System Overview

FIG. 4 illustrates an embodiment of the user interface con-
trol module 340 of FIG. 3. The user interface control module
340 includes a first image display module 405, a second
image display module 410, a transparency module 415, an
image positioning module 420, a seam display module 425, a
user input module 430, and a stitched preview module 435.
Although discussed within the context of the image capture
system 300, the user interface control module 340 can be
implemented in other image capture systems suitable for
capturing image data of multiple images of a target scene for
image stitching, for example systems for panorama image
capture and stitching.

The first image display module 405 can include instruc-
tions that configure the processor 320 to display a preview
image of the first image on the display 325. The preview
image can include a marked location reserving space for one
or more missing group members, such as the photographer of
the first image, as illustrated in FIG. 1A. The first image
display module 405 can also include instructions that config-
ure the processor 320 to provide a prompt to the user or
photographer requesting whether the reserved space should
be on the left or right side of a detected foreground of the first
image or in another location, and may also allow the user to
select a size of the reserved space. During capture of a second
or subsequent image, the first image display module 405 can
recall a stored version of the first image from memory for
concurrent display with a preview image of the second or
subsequent image.

The second image display module 410 can include instruc-
tions that configure the processor 320 to display a preview
image of the second image on the display 325. The second
image display module 410 can also be presented with an
indication of the level of similarity between a background
portion of the first image with a background portion of the
second image, so that a user can assess whether the two
images are suitable for stitching, or whether one or both
images should be recaptured. The second image display mod-
ule 410 can include instructions that configure the processor
320 to display framing information of the first image on the
display 325 to aid the second photographer in capturing an
image having a similar background to that of the first image.
In embodiments configured to generate a stitched image of
three or more images, additional image display modules can
be included in the user interface control module 340.

The transparency module 415 can include instructions that
configure the processor 320 to display an overlay of the first
image with a preview image of the second image on the
display 325 during capture of the second image, and to assign
a transparency level to at least one of the first image and the
preview image of the second image. After capture of the
second image, the transparency module 415 can configure the
processor 320 to display an overlay of the first image with the
second image on the display 325, and to assign a transparency
level to at least one of the first image and the second image.
The transparency module 415 can also include instructions
that configure the processor 320 to provide a prompt to the
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user that allows the user to select an image to display with
transparency and to assign a level of transparency to the
image. For example, the first image can be assigned a level of
transparency and assigned to a foreground position, and the
preview of the second image or the second image can be
assigned to a background position and displayed opaque. In
another example, the preview of the second image or the
captured second image can be assigned a level of transpar-
ency and assigned to the foreground position, and the first
image can be assigned to the background position and dis-
played opaque. In some embodiments, the user can select an
option to move the second image to the foreground and the
first image to the background, or vice versa.

The image positioning module 420 may align the first and
second image, or first image and a preview of the second
image, relative to one another. In some embodiments, the first
image and second image may initially each be positioned at a
default starting position, for example with the second image
occupying the entire viewfinder and a first portion of the first
image displayed overlaying the second image with a second
portion of the first image not displayed, as illustrated in FI1G.
1B. The image positioning module 420 can receive user input,
for example from the user input module 430, regarding repo-
sitioning of the first and second images. In some embodi-
ments, the image positioning module 420 may align the first
and second image, or first image and a preview of the second
image, based on an analysis of common features from the
stitched image generation module 345.

The seam display module 425 can include instructions that
configure the processor 320 to display a seam line on the
display 325 within an overlapping portion of the first and
second images. The seam line location can be received from
the user input module 430, in some embodiments. In other
embodiments, the seam line location can be received from the
stitched image generation module 345. The seam display
module 425 can include instructions that configure the pro-
cessor 320 to alter the visual appearance of the seam line or
provide another indication to the user of a total energy level of
the seam line. The total energy level of the seam line can be
provided by the stitched image generation module 345, and
may be useful for the user in assessing a quality level of the
final stitched image.

The user input module 430 can communicate with the
display 325 and any other user interface elements of the
image capture system 300 to receive user input during the
image capture and stitching processes. User inputs can be
provided for one or more factors during the image capture and
stitching process, such as a size and/or positioning of the
reserved space for the photographer, transparency assign-
ments, relative positioning of the images, outline of back-
ground and foreground, identification of common objects for
alignment, seam input, acceptance of a current alignment and
seam line for image stitching, and cropping. In some embodi-
ments, where user input is not provided for one or more of the
factors, the user input module 430 can provide an indication
to the processor 320 to call on the stitched image generation
module 345 for the information needed for that factor. In
certain embodiments, user inputs and automatic determina-
tions for the factors can be combined, or automatic determi-
nations for factors can be presented to the user as an alterna-
tive to the user input for that factor.

The stitched preview module 435 can include instructions
that configure the processor 320 to display a preview on the
display 325 of what the final stitched image result will look
like using a currently selected image alignment and seam line,
asillustrated in preview 210, 215, and 220 of FIGS. 2A-2C. In
some embodiments, the preview may be displayed together
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with an overlay of the first and second images on different
portions of the display 325. In other embodiments, the
stitched preview module 435 can include instructions that
configure the processor 320 to present a user-selectable
option on the display 325 to switch between the overlay view
and the preview view. Presenting the preview can enable the
user to make adjustments to relative image alignment and/or
seam line location and to view the effects of the adjustments
on the final stitched image before opting to proceed with
generating the final stitched image.

Automatic Stitched Image Generation System Overview

FIG. 5 illustrates an embodiment of the stitched image
generation module 345 of FIG. 3, which can be used to
supplement user-guided image capture and stitching or in
place of the user-guided image capture and stitching to carry
out an automated image stitching process. Although dis-
cussed within the context of the image capture system 300,
the stitched image generation module 345 can be imple-
mented in other image capture systems suitable for capturing
image data of multiple images of a target scene for image
stitching, for example systems for panorama image capture
and stitching.

The stitched image generation module 345 includes an
alignment module 505, overlap determination module 510,
seam generator 515, seam energy calculator 520, image
stitching module 525, and image cropping module 530.
Although the image data is depicted as flowing in a linear
manner through the various modules of the stitched image
generation module 345, in some embodiments individual
modules can be called to generate data without passing image
data through all of the modules.

Image data of images 1 through N can be input into the
alignment module 505. The alignment module 505 can
include instructions that configure the processor 320 to align
the first and second images. For example, the alignment mod-
ule 505 can discover the correspondence relationships among
the images using known alignment techniques to map pixel
coordinates from the first image to corresponding pixel coor-
dinates of the second image. For example, pixel-to-pixel
matching or feature-based methods can be used to identify
correspondence relationships between the images. The align-
ment module can transform the rotation, scale, lens distortion,
and/or perspective of one of the first and second image to
align it with the other of the first and second image based on
the correspondence relationships. The alignment module 505
can transmit the aligned image data to the image stitching
module 525.

The aligned image data can be transmitted from the align-
ment module 505 to the overlap determination module 510.
The overlap determination module 510 can include instruc-
tions that configure the processor 320 to identify an overlap-
ping region of the aligned first and second images. The over-
lapping region can be identified, in some embodiments, by
locating the X and Y values for the edges of each aligned
image. Hach image has a top, bottom, left, and right edge.
Usingan (x,y) coordinate system encompassing a rectangular
area containing both aligned images with the x-axis extend-
ing horizontally and the y-axis extending vertically, each top
edge and each bottom edge can be assignedaY value based on
its vertical positioning within the coordinate system, and each
left edge and each right edge can be assigned an X value based
on its horizontal positioning within the coordinate system. If
the top left pixel of the coordinate system is labeled as (0,0),
the overlapping region for two or more images can be defined
by the top edge having the highest Y value, the bottom edge
having the lowest Y value, the left edge having the highest X
value, and the right edge having the lowest X value. This
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example is provided for illustrative purposes and other known
means for ascertaining the overlapping region can be imple-
mented by the overlap determination module 510 in other
embodiments. The overlap determination module 510 can
transmit the overlap region to the image stitching module 525.

The overlap region can be transmitted from the overlap
determination module 510 to the seam generator 515. The
seam generator 515 can include instructions that configure
the processor 320 to identify at least one low energy seam line
within the overlapping region. The low energy seam line can
represent a boundary between the first image and the second
image that can possibly produce a high-quality final stitched
image. The low energy seam line generation process may
begin at a starting pixel, which may be the left-most pixel in
the top row of the overlapping region in some embodiments,
but could be any other pixel within the overlapping region in
other embodiments. The low energy seam line generation
process may then compute a difference value between the
pixel values from the first image and the second image for
each of the pixels adjacent to the starting pixel. The pixel
having the lowest difference value may be set as a current
seam line pixel, and the seam line may be drawn in the
direction of the current seam line pixel. In some instances, the
low energy seam line generation process may determine that
the seam line currently being generated is not suitable for
image stitching and may begin with a new starting pixel.
These steps may be repeated until the seam line is completed.

The seam line location data and the difference values for
each pixel in the seam line (excepting the starting pixel) can
optionally be transmitted from the seam generator 515 to the
seam energy calculator 520 in some embodiments. The seam
energy calculator 520 can include instructions that configure
the processor 320 to calculate the total energy level of the
seam line, for example by summing the difference values. In
some embodiments, if the total energy level of the seam line
is above a threshold, then the seam energy calculator 520 can
include instructions that configure the processor 320 to call
the seam generator 515 to generate a new seam line. The seam
energy calculator 520 can output the seam line location to the
image stitching module 525. In other embodiments, the seam
generator 515 may output the seam line location directly to
the image stitching module 525.

The image stitching module 525 include instructions that
configure the processor 320 to use the image alignment data
and the seam line location to generate a stitched version of
images 1 through N. For example, for a two-image set, pixels
from a left-most image of the two images located to the left of
the seam line can be mapped to the final stitched image, while
pixels from a right-most image of the two images located to
the right of the seam line can be mapped to the final stitched
image, taking care to correct for potential problems such as
blurring or ghosting caused by parallax and scene movement
as well as varying image exposures. For image sets including
three or more images, pixels located to the left and right of, as
well as between boundaries formed by, multiple seam lines
can be blended together to form the final image. Along seam
lines, the image stitching module 525 can combine, weight,
blend, or select pixel values from one or both images being
stitched along the seam line.

The stitched image data generated by the image stitching
module 525 can be transmitted to the image cropping module
530. The cropping module 530 can crop the stitched image
data to a desired ratio, for example a common image ratio or
aratio preset by a user. The cropping module 530 can crop the
stitched image to exclude empty pixel regions from the final
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stitched image. The final stitched image can be output from
the image stitching module 525 for storage and/or presenta-
tion to a user.

Although the stitched image generation module 345, as
discussed above, is capable of automatically stitching a set of
images together without user input, in some embodiments
user input regarding one or more image stitching factors such
as alignment, seam line, or cropping can be input into the
corresponding module of the stitched image generation mod-
ule 345 to provide a user’s preferences or personal touch to
the image stitching process. In other embodiments, one or
more of the modules of the stitched image generation module
345 can be called to provide information during a user-guided
image stitching process in which the user has provided no
information for an image stitching factor, or has provided
information which may yield a sub-optimal final stitched
image result. If a user is involved in the image stitching
process, the image stitching module 525 and the image crop-
ping module 530 may be called to generate a preview stitched
image, and may be additionally called to generate an updated
preview stitched image if the user adjusts one or more of the
image stitching factors such as alignment or seam line loca-
tion.

Overview of Example Image Stitching Processes

FIG. 6 illustrates an example process 600 for user-guided
image stitching. For ease of illustration, process 600 is dis-
cussed as being implemented by the user interface control
module 340 of FIGS. 3 and 4. Other suitable image capture
systems can implement process 600 in other embodiments.

The process 600 begins at block 605 when a first image is
captured of a target scene including a first portion of a group.
Block 605 can be carried out by a combination of the first
image display module 405, the image sensor 315, and the
imaging sensor control module 335 in some embodiments.
One embodiment of block 605 is illustrated in FIG. 1A.

The process 600 then transitions to block 610 in which the
second image display module 410 presents a preview image
of a second image of the target scene, the second image
including a second portion of the group, on the display 325 of
the image capture system 300. The process 600 then transi-
tions to block 615, in which the transparency module 415 and
the first image display module 405 cooperate to overlay the
first image and the preview image of the second image, using
transparency for at least one of the images so that the features
of the displayed areas of both images can be seen simulta-
neously by the user. The process 600 transitions to block 620
in which the user input module 430 receives user input regard-
ing the alignment of the first image and the preview image,
and the image positioning module 420 stores the relative
alignment set by the user. In some embodiments, block 620
can be supplemented or executed by the alignment module
505 of FIG. 5. One embodiment of block 610, 615, and 620 is
illustrated in FIG. 1B.

The process 600 transitions to block 625 in which the a
second image of the target scene is captured including a
second portion of the group. Block 625 can be carried out by
a combination of the second image display module 410, the
image sensor 315, and the imaging sensor control module 335
in some embodiments. At block 630, the user input module
430 can receive user input regarding a seam line location for
a boundary at which to stitch the first image and the second
image. Block 630 can be supplemented or executed out by
seam generator 515 in some embodiments.

At block 635, the process 600 stitches the first image and
the second image and crops the stitched image into a final
image based at least partly on the user input regarding relative
image alignment and seam line location. Optionally, stitched
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preview module 435 can present a preview of a final stitched
image to the user to enable the user to judge the quality and
make any desired adjustments to the relative image position-
ing and/or seam line location. The final stitched image may be
stored and/or displayed to the user. In some embodiments,
some or all of the image data including the first and second
images, relative alignment of the first and second images, and
the seam line location may be discarded after completion of
the final stitched image. In other embodiments, some or all of
such image data may be retained to allow the user to access
and modify the original images.

FIG. 7 illustrates an example process 700 for automatically
determining a seam line for stitching two images together. For
ease of illustration, process 700 is discussed as being imple-
mented by the stitched image generation module 345 of
FIGS. 3 and 5. Other suitable image stitching systems can
implement process 700 in other embodiments.

The process 700 begins at block 705 when image data of a
first and second image is received by the alignment module
505. The first image includes a first portion of a group and a
first background. The second image includes a second portion
of the group and a second background that is substantially
similar to the first background. In other embodiments, image
data including three or more images may be received by the
alignment module 505, wherein each image contains a por-
tion of a group and a substantially similar background to the
backgrounds of the other images.

The process 700 transitions to block 710, in which the
alignment module 505 aligns the first image and the second
image, for example by a pixel-by-pixel comparison or by
feature matching, as discussed above. Next, the process 700
transitions to block 715 at which the overlap determination
module 510 determines an overlap area of the aligned images,
for instance by any of the methods discussed above with
respect to FIG. 5.

At block 720, the seam generator 515 determines the loca-
tions of seam line pixels. The seam generator 515 may begin
at a starting pixel, which may be the left-most pixel in the top
row of the overlapping region in some embodiments, but
could be any other pixel within the overlapping region in
other embodiments. The seam generator 515 may then com-
pute a difference value between the pixel values from the first
image and the second image for each of the pixels adjacent to
the starting pixel. The pixel having the lowest difference
value may be set as a current seam line pixel, and the seam line
may be drawn in the direction of the current seam line pixel.
In some instances, the seam generator 515 may determine that
the seam line currently being generated is not suitable for
image stitching and may begin with a new starting pixel.
These steps may be repeated until the seam line is completed.

At block 725, the seam energy calculator 520 total energy
of the seam line calculates a total energy of the seam line
generated by the seam generator 515 at block 720, for
example by summing the difference values of each seam line
pixel excepting the starting pixel, which is not assigned a
difference value in some embodiments. At decision block
730, if the seam energy calculator 520 determines that the
total energy of the seam line is above a threshold, then the
process 700 loops back to block 720 in which the seam
generator 515 determines the locations of seam line pixels for
anew seam line, for example starting with a different starting
pixel. At decision block 730, if the seam energy calculator
520 determines that the total energy of the seam line is below
the threshold, then the process 700 continues to block 735.
The threshold may be a predetermined energy level for a seam
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line having N pixels that corresponds to visually pleasing
stitching results, or can be a threshold set by a user in some
embodiments.

At block 735, the image stitching module 525 uses the
seam line location is for stitching the first and second images
together. The stitched image is then cropped by the image
cropping module 530. The final stitched image may be stored
and/or displayed to the user. In some embodiments, some or
all of the image data including the first and second images,
relative alignment of the first and second images, and the
seam line locations and energy levels may be discarded after
completion of the final stitched image. In other embodiments,
some or all of such image data may be retained to allow the
user to access and modify the original images.

Overview of an Example Seam Line Pixel Selection Process

FIG. 8 illustrates an example seam line pixel selection
process 800 which may be used to select the seam line pixels
at block 725 of FIG. 7, in some embodiments. Process 800
begins at block 805 in which the seam generator 515 selects a
starting pixel, which may be the left-most pixel in the top row
of'the overlapping region in some embodiments, but could be
any other pixel within the overlapping region in other
embodiments.

At block 810, the seam line generator 515 computes dif-
ference values for each pixel adjacent to the starting pixel. For
example, the difference values may be computed in some
embodiments by subtracting the gradient values of each pixel
of'the first image in the overlapping region from the gradient
values of the corresponding pixel in the second image, or vice
versa. In other embodiments, luminance or chrominance val-
ues of the pixels may be used instead of or in addition to
gradient values. In embodiments stitching together two gray-
scale images, one or both of luma and gradient values may be
used. In embodiments stitching together two RGB images,
some or all of luminance, chrominance, and gradient values
may be used.

At decision block 815, the seam line generator 515 com-
pares the difference value of each of the adjacent pixels to a
threshold. The threshold may indicate an acceptable level of
difference between pixels in generating a seam line that will
produce visually pleasing stitched image results, such as by
not cutting objects. A difference value over the threshold can
indicate an object edge in some embodiments. If no adjacent
pixel has a difference value below the threshold, then the
process 800 loops back to block 805 to select a new starting
pixel. The new starting pixel may be a next top row pixel in
some embodiments, or in some embodiments the seam line
generator 515 may add a value to an X or Y value in an (x,y)
coordinate pair defining the location of the previous starting
pixel, dependent upon whether the seam line is being gener-
ated vertically or horizontally, to determine a location of a
new starting pixel.

If, after iterations of blocks 908 through 815, the seam line
generator 515 determines that no pixel adjacent to a starting
pixel in the overlapping region has a difference value below
the threshold, then the lowest-energy path determination pro-
cess may indicate to the user that the first image and second
image do not contain sufficient similarities, and the user may
be presented with a selectable option to adjust the threshold or
to capture new images for stitching.

If at least one adjacent pixel has a value below the thresh-
o0ld, then the process 800 transitions to block 820 in which the
seam line generator 515 sets an adjacent pixel as a current
seam line pixel. In some instances, multiple adjacent pixels
may have difference values below the threshold. In one
embodiment, the pixel having the lowest difference value
may be set as a current seam line pixel. In another embodi-
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ment, the seam line generator 515 may determine a direction
in which the seam line is being drawn, i.e. a top overlap edge
to a bottom overlap edge, and the adjacent pixel with a dif-
ference value below the threshold that continues the seam line
in the correct direction can be selected. In some embodi-
ments, an edge map may be determined for the overlap area,
and adjacent pixels may be selected to maintain a threshold
distance from identified edges. The selected adjacent pixel is
set as the current seam line pixel.

At block 825, the seam line generator 515 adds a location
of the current seam line pixel to a set of seam line pixel
location data. The seam line pixel location data includes the
location, for instance an (X,y) coordinate with the coordinate
frame defined as the overlap region of the images, of the
starting pixel and each selected seam line pixel. The seam line
pixel location data may be used to construct the seam line as
well as to define the boundary between the images during
image stitching.

Atdecision block 830, the seam line generator 515 uses the
location of the current seam line pixel to determine whether
the seam line is complete. For example, seam line generator
515 can determine that the seam line is complete based on the
location data indicating that the current seam line pixel is
located along an edge opposing the starting seam line pixel.
To illustrate, in embodiments which begin drawing the seam
line with a starting pixel in the top row, the final row may be
the bottom row. A seam line can be drawn from left to right or
vice versa in some embodiments. In some embodiments, if
the seam line terminates on an edge row, the process may
present the seam line to the user with an indication that the
seam line may provide for an incomplete final stitched image,
or may begin again with a new starting pixel.

If the seam line generator 515 determines at block 830 that
the seam line is not complete, then the process 800 transitions
to block 840 to compute difference values for each pixel
adjacent to the current seam line pixel, similar to block 810 in
which the seam line generator 515 computed difference val-
ues for the pixels adjacent to the starting pixel. At block 845,
the difference values for the pixels adjacent to the current
seam line pixel are compared to the threshold, similar to the
comparison performed at block 815. If no difference value is
below the threshold, then the process 800 loops back to block
805 to select a new starting pixel. If there is at least one
adjacent pixel having a difference value below the threshold,
then the process 800 transitions to block 85 to select one of the
adjacent pixels with a difference value below the threshold as
the next current seam line pixel.

At decision block 855, the seam line generator 515 com-
pares the location of the current seam line pixel to the loca-
tions in the seam line pixel location data to determine whether
the currently selected seam line pixel was previously included
in the seam line. This beneficially prevents the seam line
generation process 800 from becoming stuck in an infinite
loop in which it continuously determines a circular path for
the seam line. If the current seam line pixel location matches
any entry within the previous seam line pixel location data,
then the seam line has crossed back to itself and the process
may become stuck in an infinite loop if allowed to continue.
Accordingly, if the current seam line pixel location matches
any entry within the previous seam line pixel location data,
then the process 800 may loop back to block 805 select a new
starting pixel and begin again.

In some embodiments, rather than looping back to block
805 to select a new starting pixel if the updated current seam
line pixel is included in the seam line pixel location data, the
process 800 may loop back to block 850 for updating the
current seam line pixel and may select a different adjacent
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pixel, so long as the different adjacent pixel’s difference value
is lower than the threshold. If all adjacent pixels having a
difference value below the threshold are tested against the
seam line pixel location data and are found to be included, the
threshold may be raised or the process 400 may loop back to
block 805 and select a new starting pixel. In some embodi-
ments the process 800 may test each adjacent pixel against the
seam line pixel location data at block 855 before selecting an
adjacent pixel as the current seam line pixel. In some embodi-
ments the adjacent pixels may be tested sequentially, for
example from top to bottom and left to right, and once the
first-tested adjacent pixel is reached the process 800 may loop
back to step 805 if all adjacent pixels are already included in
the seam line pixel location data.

At decision block 855, if the seam line generator 515
determines that the location of the current seam line pixel is
not present in the existing seam line location data, then the
process 800 transitions to block 825 at which the seam line
generator 515 adds the location of the current seam line pixel
to a set of seam line pixel location data. The process 800 again
transitions to block 830 to determine whether the seam line is
complete. If the seam line generator 515 determines at block
830 that the seam line is complete, then the process 800
transitions to block 835 to output or store the seam line pixel
location data as a completed seam line for presentation to a
user or for use in image stitching.

Although not illustrated, in some embodiments, the pro-
cess 800 may continue wherein the seam energy calculator
520 calculates a total energy level of a completed seam line,
for example by summing the difference values of each seam
line pixel. The total energy level of the seam line may be
compared to a threshold before use in image stitching or
before presentation to a user. The total energy of the com-
pleted seam line may be used to generate an indication to the
user of a likely quality of a final stitched image, or to indicate
to automatic process 800 that a new seam line should be
generated. In some embodiments a plurality of low energy
seam line options may be generated and compared to deter-
mine a lowest energy seam line, wherein each low energy
seam line option has a total energy level below a threshold.
Additional Embodiments

Though discussed primarily within the context of a first and
a second image, the image stitching processes and lowest
energy seam line determination processes described herein
may accommodate three or more images. For example, mul-
tiple low energy seam lines can be determined to stitch mul-
tiple images together. The number of seam lines determined
may be the number of images minus one. Each of the three or
more images, in some embodiments, may be segmented into
foreground and background and the three or more fore-
grounds may be stitched over the common background.

Additionally, the above-described systems and processes
can be used in some embodiments to generate video images in
addition to still images. Further, though the above description
generally discusses generating a stitched image of a group of
people, this is for illustrative purposes only and such pro-
cesses may be beneficial for generating stitched images of
other photographic content as well. For example, the dis-
closed systems and methods can be used to stitch together a
sequence of action shots of a person or object in motion over
a background.

The image stitching processes as described herein may be
implemented using the viewfinder of an image capture
device, a separate display in communication with the image
capture device, or the display of a computing device receiving
image data captured by the image capture device. Accord-
ingly, an image capture device, another computing device
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having image editing capabilities, or a combination thereof
may execute the image stitching processes described herein.
Terminology

Those having skill in the art will further appreciate that the
various illustrative logical blocks, modules, circuits, and pro-
cess steps described in connection with the implementations
disclosed herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly illus-
trate this interchangeability of hardware and software, vari-
ous illustrative components, blocks, modules, circuits, and
steps have been described above generally in terms of their
functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application
and design constraints imposed on the overall system. Skilled
artisans may implement the described functionality in vary-
ing ways for each particular application, but such implemen-
tation decisions should not be interpreted as causing a depar-
ture from the scope of the present invention. One skilled in the
art will recognize that a portion, or a part, may comprise
something less than, or equal to, a whole. For example, a
portion of a collection of pixels may refer to a sub-collection
of those pixels.

The various illustrative logical blocks, modules, and cir-
cuits described in connection with the implementations dis-
closed herein may be implemented or performed with a gen-
eral purpose processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform
the functions described herein. A general purpose processor
may be a microprocessor, but in the alternative, the processor
may be any conventional processor, controller, microcontrol-
ler, or state machine. A processor may also be implemented as
a combination of computing devices, e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors,
one or more microprocessors in conjunction with a DSP core,
or any other such configuration.

The steps of a method or process described in connection
with the implementations disclosed herein may be embodied
directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, hard disk, a
removable disk, a CD-ROM, or any other form of non-tran-
sitory storage medium known in the art. An exemplary com-
puter-readable storage medium is coupled to the processor
such the processor can read information from, and write
information to, the computer-readable storage medium. In the
alternative, the storage medium may be integral to the pro-
cessor. The processor and the storage medium may reside in
an ASIC. The ASIC may reside in a user terminal, camera, or
other device. In the alternative, the processor and the storage
medium may reside as discrete components in a user terminal,
camera, or other device.

Headings are included herein for reference and to aid in
locating various sections. These headings are not intended to
limit the scope of the concepts described with respect thereto.
Such concepts may have applicability throughout the entire
specification.

The previous description of the disclosed implementations
is provided to enable any person skilled in the art to make or
use the present invention. Various modifications to these
implementations will be readily apparent to those skilled in
the art, and the generic principles defined herein may be
applied to other implementations without departing from the
spirit or scope of the invention. Thus, the present invention is
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not intended to be limited to the implementations shown
herein but is to be accorded the widest scope consistent with
the principles and novel features disclosed herein.

What is claimed is:

1. A method in an electronic device of capturing an image
of'a group of individuals, the method comprising:

capturing a first image of a first part of the group;

generating a live preview on a display of the electronic
device of a second image, the second image comprising
a second part of the group;

superimposing at least a portion of the first image onto the
live preview of the second image;

capturing the second image of the second part of the group;

receiving a user input, the user input specifying a reposi-
tioning of the at least a portion of the first image super-
imposed over the live preview of the second image to a
new location relative to the live preview of the second
image; and

stitching the first image and the second image into a final
stitched image based atleast in part on the user input, the
final image comprising the first part of the group and the
second part of the group.

2. The method of claim 1, wherein superimposing at least
aportion of the first image onto the live preview of the second
image comprises assigning a level of transparency to the first
image.

3. The method of claim 1, wherein superimposing at least
aportion of the first image onto the live preview of the second
image comprises:

assigning a level of transparency to the second image;

assigning the second image to a foreground position; and

assigning the first image to a background position.

4. The method of claim 1, wherein the display of the elec-
tronic device comprises a touch-sensitive display screen.

5. The method of claim 4, wherein the user input comprises
dragging the at least a portion of the first image superimposed
over the live preview of the second image using the touch-
sensitive display screen.

6. The method of claim 1, further comprising presenting a
preview of the final stitched image to the user.

7. The method of claim 6, further comprising:

receiving updated user input regarding relative positioning
of the first image and the second image; and

stitching the first image and the second image based at least
partly on the updated user input.

8. The method of claim 1, wherein the stitching comprises
evaluating a plurality of seam lines and an energy level cor-
responding to each of the plurality of seam lines, and select-
ing a seam line having a lowest energy level.

9. The method of claim 1, further comprising receiving
user input regarding a location of a seam line, wherein the
seam line determines a boundary for stitching the first image
to the second image.

10. An image capture device, comprising:

an image sensor configured to capture a first image of a first
part of a group of individuals and a second image of a
second part of the group;

a display configured to display a live preview of the second
image, the display further configured to display at least
a portion of the first image superimposed over the live
preview of the second image;

a user input module configured to receive a user input, the
user input specifying a repositioning of the at least a
portion of the first image superimposed over the live
preview ofthe second image to a new location relative to
the live preview of the second image; and
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an image stitching module configured to stitch the first
image and second image into a final image based at least
in part on the user input, the final image comprising the
first part of the group and the second part of the group.

11. The image capture device of claim 10, wherein the
display is further configured to display an indication of a
reserved space for the second part of the group over a live
preview of the first image.

12. The image capture device of claim 10, wherein the
display is a touch-sensitive display.

13. The image capture device of claim 12, further compris-
ing a user interface, wherein the user interface comprises the
touch sensitive display.

14. The image capture device of claim 10, wherein the
display is further configured to display a preview of the final
image prior to stitching the first image and the second image.

15. The image capture device of claim 10, further compris-
ing a user interface control module configured to manage
presentation of the first image, the live preview of the second
image, and the second image on the display.

16. The image capture device of claim 15, wherein the user
interface control module further comprises a transparency
module configured to assign a level of transparency to one of
the first image and the live preview of the second image.

17. The device of claim 10, further comprising a seam line
generation module configured to locate a low energy seam
line in an overlapping region of the first image and the second
image.

18. A method of determining a low energy seam line, the
method comprising:

as implemented by one or more computing devices config-

ured with specific executable instructions,

receiving image data comprising a first image and a
second image;

determining an overlapping region of the first image and
the second image, the overlapping region comprising
a plurality of pixels;

selecting a starting pixel, the starting pixel adjacent to a
plurality of adjacent pixels;

computing a difference value for each of the plurality of
adjacent pixels, wherein the difference value is com-
puted by comparing a pixel value of an adjacent pixel
to a pixel value of the starting pixel;

selecting one of the plurality of adjacent pixels as a
current seam line pixel; and

constructing seam line pixel location data comprising
first location data of the starting pixel and second
location data of the current seam line pixel.

19. The method of claim 18, wherein determining an over-
lapping region comprises aligning the first image and the
second image.

20. The method of claim 18, wherein determining an over-
lapping region comprises receiving user input regarding rela-
tive positioning of the first image and the second image.

21. The method of claim 18, wherein selecting one of the
plurality of adjacent pixels as a current seam line pixel com-
prises selecting an adjacent pixel having a lowest difference
value.
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22. The method of claim 18, wherein selecting one of the
plurality of adjacent pixels as a current seam line pixel com-
prises comparing the difference value for each of the plurality
of adjacent pixels to a threshold.
23. The method of claim 22, wherein the pixel value is at
least one of luma, luminance, chrominance, or gradient.
24. The method of claim 18, further comprising:
computing a difference value for each of a plurality of
pixels adjacent to the current seam line pixel; and

selecting one of the plurality of pixels adjacent to the
current seam line pixel as an updated current seam line
pixel.

25. The method of claim 24, further comprising determin-
ing that alocation of the updated current seam line pixel is not
included in the seam line pixel location data.

26. The method of claim 25, further comprising updating
the seam line pixel location data to include third location data
of the updated current seam line pixel location.

27. The method of claim 18, further comprising:

generating a plurality of low energy seam lines within the

overlapping region; and

receiving user input regarding selection of one of the plu-

rality of low energy seam lines to use for stitching the
first image to the second image.

28. A seam line generation system comprising:

an overlap determination module configured to determine
an overlapping region of a first image and a second
image, wherein the overlapping region comprises a plu-
rality of pixels;

a seam generator configured to:

select a starting pixel, the starting pixel adjacent to a
plurality of adjacent pixels;

compute a difference value for each of the plurality of
adjacent pixels,

wherein the difference value is computed by comparing a

pixel value of an adjacent pixel to a pixel value of the

starting pixel;

select one of the plurality of adjacent pixels as a current
seam line pixel;

construct seam line pixel location data comprising first
location data of the starting pixel and second location
data of the current seam line pixel; and

generate a low energy seam line within the overlapping
region, the low energy seam line representing a
boundary for stitching the first image to the second
image.

29. The seam line generation system of claim 28, further
comprising an image stitching module configured to stitch the
first image to the second image using the low energy seam
line.

30. The seam line generation system of claim 28, further
comprising an alignment module configured to align the first
image and the second image.
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